Introduction
============

Tanzania has recently been experiencing a significant rise in the burden of diabetes. In the 1980s, the prevalence of type 2 diabetes mellitus (T2DM) was 0.9% in rural areas.[@b1-dhps-6-155] In 2000, the prevalence of diabetes was reported to be 1.3% in rural areas and 4.0% in urban populations.[@b2-dhps-6-155] At present, the Tanzania Diabetes Association estimates that there are more than 400,000 people with diabetes in the country. In Tanzania, about \$4 million would have been required to take care of all the patients with diabetes in 1989--90, which translates to \$138 per patient per year. This sum is equivalent to 8.1% of the total budgeted health care expenditure for that financial year and is well above the allocated per capita health expenditure of \$2 for the year 1989--90.[@b3-dhps-6-155]

A major concern in the management of diabetes is the occurrence of complications, many of which are irreversible. Complications in diabetes occur as a result of the injurious effects of hyperglycemia.[@b4-dhps-6-155] Long-term complications of diabetes can be broadly classified into two major categories: macrovascular (eg, peripheral arterial disease, stroke, and coronary artery disease) and microvascular (eg, retinopathy, neuropathy, and nephropathy).[@b4-dhps-6-155] Other complications experienced by diabetic patients include skin complications, gastroparesis, dental infections, and depression.[@b5-dhps-6-155] Common cardiovascular disease (CVD) events experienced by patients with diabetes include coronary heart diseases, myocardial infarction, stroke, cerebrovascular diseases, erectile dysfunction, and peripheral vascular diseases.[@b4-dhps-6-155]--[@b6-dhps-6-155]

For optimal management of people with diabetes, it is important that the health care team devise a treatment plan tailored specifically to the needs of the individual patient. The treatment plan should include adequate glycemic control (ie, self-monitoring of blood glucose levels and measurement of glycated hemoglobin \[HbA~1c~\]) as well as adequate blood pressure and blood lipid level monitoring.[@b7-dhps-6-155] A treatment plan also requires dietary modifications, exercise, and administration of medication on schedule. Patients should be allowed to play active roles in the management of their health and encouraged to participate in diabetes self-management education programs. Studies have emphasized the importance of achieving optimal glucose control through strict adherence to medications, diet, and exercise in order to minimize serious long-term complications.[@b7-dhps-6-155]--[@b9-dhps-6-155] Other important factors considered when developing a comprehensive treatment plan include the patient's age, eating behaviors, work or school schedule, sociocultural/socioeconomic factors, and presence of complications of diabetes or other comorbid conditions.[@b10-dhps-6-155]

In the management of diabetes, it is important to provide adequate patient education on the disease state, associated complications, risk for developing the complications (including the signs and the symptoms), and importance of achieving and maintaining adequate glycemic control, especially as it relates to the prevention and management of diabetic complications.[@b11-dhps-6-155] Diabetes management can be broadly classified into nonpharmacological (ie, lifestyle changes) and pharmacological (ie, drugs) interventions. Pharmacological intervention becomes necessary only when optimal glycemic control cannot be achieved through lifestyle changes alone. Generally, patients with an HbA~1c~ level \>7% or who present with symptoms can be managed using both pharmacological and nonpharmacological interventions.

Glycemic control is considered as the main therapeutic goal for prevention of organ damage and other complications of diabetes. Several large clinical trials[@b12-dhps-6-155] have demonstrated that tight blood glucose control correlates with reduction of microvascular complications of diabetes. Therefore, achieving glycemic control is a critical metabolic goal because hyperglycemia contributes to the progression of diabetes mellitus by affecting both ß-cell function and insulin sensitivity.[@b13-dhps-6-155]

In clinical practice, optimal control is difficult to obtain on a long-term basis because the reasons for poor glycemic control in T2DM patients are complex. Both patients and health care provider-related factors may contribute to poor glycemic control. In view of the benefits of strict glycemic control, several studies have been carried out to explore the variables that may be associated with poor control.[@b14-dhps-6-155]--[@b16-dhps-6-155] Most of these studies, however, are from Europe and North America, with minimal data available from Asia and the African continent. A variety of factors are identified in influencing glycemic control, including age, sex, education, body mass index (BMI), smoking, duration of the disease, and type of medication.

Prospective randomized clinical trials and epidemiological studies have demonstrated that glycemic control is associated with reduced rates of retinopathy, nephropathy, neuropathy, and CVD.[@b13-dhps-6-155] Despite the evidence from large randomized controlled trials establishing the benefit of intensive diabetes management in reducing microvascular and macrovascular complications,[@b12-dhps-6-155] a high proportion of patients remain poorly controlled. Poor and inadequate glycemic control among patients with T2DM constitutes a major public health problem and is a major risk factor for the development of diabetes complications. Therefore, glycemic control remains the major therapeutic objective for prevention of target organ damage and other complications arising from diabetes.

Tanzania is a resource-limited setting where the majority of people are estimated to live below the poverty level, so economic access to antidiabetic medications and preventive measures may be restricted by the cost. Also, additional costs for treatment of comorbid conditions such as hypertension could have an impact on disease outcome. To our knowledge, no studies have been done in Tanzania to describe the risk factors associated with poor glycemic control in T2DM patients. However, studies from different parts of the world have found a variety of risk factors that predict poor glycemic control. Most of these studies were done in North America and Europe. This study focused on several factors and their association with glycemic control. It was designed to assess whether similar variables reported in other countries also play a role in Tanzania. Specifically, this study was done to identify the factors associated with poor glycemic control in T2DM patients in urban areas in Tanzania.

Materials and methods
=====================

Study design
------------

This was a cross-sectional study in which T2DM patients were sampled through systematic sampling in the public hospitals in Dar es Salaam. Data were obtained using questionnaires to assess responses from the patients on self-management behaviors, and sociodemographic and clinical characteristics. Moreover, data including biochemical parameters were extracted from patients' medical records.

Study setting
-------------

The study was carried out at Muhimbili National Hospital (MNH) and all the three municipal hospitals in Dar es Salaam. These hospitals are Temeke, Amana, and Mwananyamala. MNH is the referral hospital and a university teaching hospital located in the Dar es Salaam region. The services that are provided in this hospital include management of diabetes in the endocrinology unit. Diabetic clinics are conducted twice a week and about 60 patients attend per day.

Temeke hospital is located in the Temeke district in Dar es Salaam. Diabetic clinics are conducted three times a week and about 35 patients attend per day. Amana hospital is located in the Ilala district and diabetes clinics are conducted twice per week with about 20 patients per clinic. Mwananyamala hospital, on the other hand, is located in the Kinondoni district. The clinics at Mwananyamala hospital are conducted three times per week with about 15 patients attending the clinic per day.

Study population
----------------

The target population was all T2DM patients aged ≥18 years. These were patients attending diabetes clinics at MNH, Temeke, Amana, and Mwananyamala hospitals. Apart from age, other inclusion criteria were patients who had had T2DM for \>1 year and who had been on treatment for ≥3 months. Very sick patients, newly diagnosed patients, pregnant women, and patients with mental disorders were excluded from the study. Using these criteria, a total of 498 patients were enrolled in the study from March 2013 to May 2013.

Sampling technique
------------------

A systematic sampling technique was used to recruit study participants. The target was to recruit 120 patients at MNH, 160 at Temeke, 80 at Amana, and 90 at Mwananyamala hospitals depending on the average number of patients attending the clinic during the study period. Study participants were recruited consecutively. In every clinic, the first patient to be recruited into the study was selected by the nurse, and then every fourth patient was recruited into the study. This was done at Temeke, Mwananyamala, and Amana hospitals. At MNH, patients were approached at the waiting area. The first patient was selected according to seat arrangement, and consecutive participants were selected after every fourth patient until the end of that day. The purpose of the study was explained to them and they were asked to participate in the study. Those who agreed to participate were interviewed using structured questionnaires while waiting to see the physician. Thereafter, information on fasting blood glucose (FBG), lipid profile, height, weight, blood pressure, coexisting diseases, and drugs used by the patients were recorded from patient files.

Data collection
---------------

Data were collected using structured questionnaires and designed forms. The main components of the questionnaire were the sociodemographic and background information, self-management behaviors, and medication adherence among T2DM patients. The data collection form was used to collect data on the laboratory investigations and measurements, type of medications, and coexisting diseases. This information was obtained from the patient files.

### Sociodemographic and self-management behaviors

Sociodemographic and background information included age of the patient, sex, marital status, employment status, level of education, height, weight, BMI, blood pressure, FBG, duration of the disease, and age of the patient at diagnosis. Data on self-management behaviors included diet, exercise, and self-monitoring of blood glucose. These were collected to assess the adherence to diabetic control measures that included physical exercise, diet, and blood glucose testing. Self-management behaviors were assessed using the Summary of Diabetes Self-Care Activities Measure scale,[@b17-dhps-6-155] which contains eleven question items designed to ask the patients about their diabetes self-care activities during the past 7 days. If patients were sick during the past 7 days, they were asked to think back to the last 7 days that they were not sick.

### Medication adherence

This was determined by self-reporting with the use of the eight-item Morisky scale.[@b18-dhps-6-155] The scale contains questions asking the patient to respond "yes" or "no" to a set of eight questions. A positive response indicates a problem with adherence. Therefore, higher scores indicate that a patient is least adherent to medications. In this study, a positive response was awarded one point and a negative response was awarded zero points. Patients were classified as highly adherent (score of 0), moderately adherent (score of 1--2), and least adherent (score of 3--8).

### Laboratory investigations and measurements

The available last readings of FBG measurement and lipid profile (high-density lipoproteins \[HDL\], low-density lipoproteins \[LDL\], triglycerides \[TG\], and cholesterol) were obtained from the patient files. These were the readings from 3 months to 1 year of treatment. According to the records, FBG was measured after obtaining finger prick blood samples from patients. Analysis was done using Accutrend^®^ Plus machines (Roche, Mannheim, Germany).

During the day of the study, blood pressure was measured by a trained nurse. Weights were measured using a Seca scale with the patient wearing light clothes with no shoes. Weight was measured up to the nearest 100 g. Heights were measured using a standard height board with the participant wearing no shoes. Measurements for height were then taken to the nearest 1 cm. BMI was calculated as weight in kg divided by height in meters squared. BMI was categorized as normal (\<25 kg/m^2^), overweight (25--29.99 kg/m^2^), and obese (≥30 kg/m^2^). Hypertension was defined as a patient with systolic/diastolic pressure \>140/90 mmHg or those already using hypertensive drugs. Glycemic status was categorized as good glycemic control if FBG was ≤130 mg/dL (7.2 mmol/L) and poor control if FBG was \>130 mg/dL (7.2 mmol/L). Assessment for abnormal lipid profiles was done as described by the American Diabetes Association.[@b19-dhps-6-155] Dyslipidemia was defined as a patient with one or more of the abnormalities for serum lipids or the patient receiving medication for management of dyslipidemia.

Data analysis
-------------

Data were analyzed using Statistical Package for Social Sciences software, version 20 (IBM Corporation, Armonk, NY, USA). Patients' sociodemographic characteristics and diabetes-specific variables were summarized using frequency distribution tables. Data were described using means for continuous variables (age, duration of disease, systolic blood pressure, and diastolic blood pressure) and proportions for categorical variables (education level, sex, dyslipidemia, FBG, cholesterol level, HDL, LDL, triglycerides, occupation, and type of treatment). Associations between variables were tested by the use of the chi-square test. All factors with a *P*-value ≤0.2 were considered for multivariate logistic regression to determine independent factors predicting poor glycemic control.

The dependent variables were described as a dichotomous variable that categorized FBG of ≤7.2 mmol/L as good glycemic control and FBG of \>7.2 mmol/L as poor glycemic control. The independent variables were duration of the disease since diagnosis, age at onset, age of the patient, BMI (overweight vs normal weight/obesity), health insurance, oral hypoglycemic agents (OHAs) being used (monotherapy vs combination therapy), and medication adherence (high adherence vs low/medium adherence). A probability (*P*) value ≤0.05 was considered statistically significant.

Ethical consideration
---------------------

Ethical clearance for the study was sought from the Muhimbili University of Health and Allied Sciences Ethical Committee. Permission to conduct the study at MNH was sought from the office of the executive director. Permission to conduct the study in the municipal hospitals was sought from the respective district medical officers in charge. The aim and objectives of the study were explained to the respondents. Before conducting interviews, the willingness of respondents was required and written informed consent was provided. All data collected during the study were treated with strict confidentiality. Questionnaires and data collection forms were assigned study numbers, and names of the patients were not used during data collection or entered into the computer for analysis.

Results
=======

During the 8-week study period, 498 T2DM patients were recruited to participate in the study. Sixteen patients did not finish the questionnaires and 13 patients who did not have FBG results were excluded from the final data analysis. Therefore, a total of 469 patients provided the required information for the study.

Sociodemographic characteristics of T2DM patients
-------------------------------------------------

Most (63.5%) of the patients were females. Females had a mean age of 53.8±11.51 years as compared with males with a mean age of 56.8±12.44 years. The age of study participants ranged from 25 years to 85 years with an overall mean age of 54.94±11.93 years. The majority (89.3%) of patients were aged \>40 years. About half (51.4%) of the patients had attained primary school education, 331 (70.6%) were married, 368 (69.9%) were unemployed, and only 101 (21.5%) had health insurance coverage. The sociodemographic factors of the study participants are summarized in [Table 1](#t1-dhps-6-155){ref-type="table"}.

Association of sociodemographic factors and poor glycemic control
-----------------------------------------------------------------

In comparison with other health facilities, Amana hospital had a significantly higher percentage of patients with poor glycemic control (80.5%) (*P*=0.015). The proportions of patients with poor glycemic control in the other hospitals were 67.6% at Mwananyamala and 61.2% at MNH.

Analysis for the association between sociodemographic factors of the patients and poor glycemic control showed that the proportion of patients with poor glycemic control was 72.6% in the age group of 40--59 years but was relatively higher than those in the other age groups (*P*=0.19). Diabetes was more likely to be poorly controlled in patients who did not have health insurance (71.7%) as compared with those who were insured for health care services (62.4%) (*P*=0.007). Marital status, sex, employment, and education level of the patients were not significantly associated with glycemic control.

Stratification by age and sex showed that females aged 40--59 years had a significantly higher percentage of poor glycemic control than their male counterparts of the same age group (76.1% vs 65.4%, *P*=0.04). Also, females aged 40--59 years had significantly higher BMI (obese) than their male counterparts of the same age group (35.4% vs 11.5%, *P*=0.0000).

Clinical characteristics of T2DM patients
-----------------------------------------

Three hundred and thirty (70.4%) patients had confirmed T2DM for \<10 years. The overall mean (standard deviation) duration of the disease was 7.19±6.04 years with a minimum of 1 year and a maximum of 33 years. Most (75.3%) of the patients were diagnosed with T2DM when they were aged \>40 years. Among these patients, the mean FBG was 10.3±4.6 mmol/L and the proportion of patients with poor glycemic control was 69.7%. The mean blood pressure for these patients was 138.07/85.18 mmHg. The mean BMI of T2DM patients in this study was 27.06±5.34. Only eight out of 469 T2DM patients had records of their lipid profile measurements ([Table 2](#t2-dhps-6-155){ref-type="table"}).

Out of 469 T2DM patients, 327 (69.7%) were poorly controlled with FBG \>7.2 mmol/L. The proportion of poor glycemic control was found to increase with the duration of the disease, and it was significantly higher in patients who had longer duration of diabetes of \>20 years than those who had the disease for \<10 years (*P*=0.027). Age at diagnosis and systolic and diastolic blood pressure were not significantly associated with glycemic control (*P*\>0.05). Patients with normal BMI (76.7%) had a significantly higher percentage of poor glycemic control than overweight (69.6%) and obese patients (61.6%) (*P*=0.01). The results of association of clinical characteristics and poor glycemic control are summarized in [Table 3](#t3-dhps-6-155){ref-type="table"}.

Type of comorbidities and antidiabetic drugs prescribed to T2DM patients
------------------------------------------------------------------------

[Table 4](#t4-dhps-6-155){ref-type="table"} shows the summary of the comorbidities and antidiabetic drugs that were prescribed to the patients. The most frequent comorbidity was hypertension (50.7%), followed by coronary heart disease (13.4%). Osteoarthritis was observed in 56 (11.9%) patients, while 8.5% of the patients had peptic ulcers. Other diseases such as depression, human immunodeficiency virus/acquired immunodeficiency syndrome, asthma, tuberculosis, rheumatism, and gout, with individual frequency \<3%, all constituted 9.4% of the total comorbidities.

OHAs were prescribed to 391 (83.4%) patients, while a combination of OHA and insulin was prescribed in only 2.1% of the patients. Insulin alone was prescribed to only 14.5% of the patients. Of the patients on OHAs, 247 (63.7%) were on combination therapy, while 142 (36.3%) were using monotherapies. The most prescribed combination therapy contained metformin and sulfonylureas (95.2%). Of the patients on monotherapy with an OHA, 100 (65.2%) patients were using metformin. The most common sulfonylureas prescribed to diabetic patients were glibenclamide and gliclazide. Other sulfonylureas prescribed to T2DM patients were chlorpropamide, glimepiride, and gliclazide.

Number of comorbidities, hypertension, and treatment modalities were not associated with poor glycemic control (*P*\>0.05). However, patients who were using combination therapy of OHAs had a very high proportion of poor glycemic control (73.5%), compared with 60.6% of patients using monotherapies (*P*=0.008).

Self-management behaviors in T2DM patients
------------------------------------------

One hundred and twenty patients (31.2%) did not follow healthy eating plans. More than half of the patients (53%) reported that they were advised by health care providers to take five or more servings of vegetables and fruit, while 18.6% of the patients indicated that they were not advised on meal intake. Most patients (63.3%) were eating three servings per day. Only 90 (19.2%) patients reported eating five or more servings of fruit and vegetables on a regular basis. Eighty patients (17.1%) were eating fatty food such as red meat and full-fat dairy products. Three hundred and sixty-one (77%) patients did not participate in physical activity and only a third (33%) of patients were doing regular exercise. Of 469 patients, only 115 (24.5%) of them tested their blood glucose at home. Out of those who tested their blood glucose at home, only 16 (13.9%) patients monitored their blood glucose regularly. Sixty (52.2%) patients reported that they were not advised by health care providers on how frequently they were required to monitor their blood glucose at home.

Medication adherence among T2DM patients
----------------------------------------

Assessment of patients' responses to the eight-item modified Morisky adherence predictor scale showed that 17.5% of patients were highly adherent to the prescribed medications, 218 (44.6%) patients were moderately adherent, while 38% of the patients were judged to have low adherence to the prescribed antidiabetic medications ([Figure 1](#f1-dhps-6-155){ref-type="fig"}). The scale showed that most (57.1%) patients did miss taking their medications due to different reasons. The reported reasons for nonadherence were the cost of the medications (39.5%), omission (18%), unavailability of medications in the health facilities (16.9%), travel (16.9%), side effects (9.4%), sense of feeling better (4.1%), and use of alternative medicines (2.6%). One hundred and sixty-two (34.5%) patients reported that when symptoms were under control they stopped taking their medications.

There were no statistically significant differences between glycemic control and following a healthy eating plan, physical activity, and self-monitoring of blood glucose (*P*\>0.05). However, a relatively high proportion of poor glycemic control was observed in patients who did not follow health plans or do regular exercise and those who regularly monitored their blood glucose. The number of servings per day was also not associated with poor glycemic control. The proportion of patients with poor glycemic control was significantly higher in patients who were least adherent to antidiabetic medications (80.9%) than patients who had moderate (61.7%) and high medication adherence (60.5%) (*P*=0.000). The results of the association between self-management behavior and glycemic control among T2DM patients are summarized in [Table 4](#t4-dhps-6-155){ref-type="table"}.

In order to control confounding factors, all factors with a *P*-value ≤0.2 on univariate analysis were considered for multivariate analysis. Binary logistic regression analysis indicated that normal BMI, obesity, low medication adherence, combination therapy of OHAs, and lack of health insurance were the predictors of poor glycemic control. Other factors such as duration of the disease, age of patient, and age at diagnosis did not show statistical significance for association with glycemic control. It was further observed that poor glycemic control is 2.2 times more likely to occur in patients with normal BMI (odds ratio \[OR\] \[95% confidence interval {CI}\] =2.234 \[1.278, 3.904\]) as compared with patients who were overweight. In addition, it was found that obese patients were 2.4 times more likely to have poor glycemic control (OR \[95% CI\] =2.347 \[1.274--4.324\], *P*=0.006) than overweight patients.

Patients who were using combination therapy of OHAs were more than 2.5 times more likely to be poorly controlled (OR \[95% CI\] =2.528 \[1.475--4.331\]) compared with patients who were on monotherapy. Results further showed that poor glycemic control is likely to occur 2.1 times more in patients with low medication adherence as compared with patients who were highly adherent to medications (OR \[95% CI\] =2.084 \[1.069, 4.060\]). Patients who did not have health insurance were more than 1.9 times more likely to have poor glycemic control compared with patients who were insured for health care (OR \[95% CI\] =1.861 \[1.044, 3.318\]).

Discussion
==========

The recommended FBG in diabetic patients should be \<7.2 mmol/L, since values higher than this are associated with risks of microvascular complications.[@b20-dhps-6-155] In this study, the majority of patients with T2DM had FBG levels \>7.2 mmol/L. Hb1Ac is an established gold standard in assessing glycemic control. The American Diabetes Association recommends that in patients with controlled blood sugar, at least two HbA~1c~ tests should be conducted once a year, and every 3 months for patients with poor glycemic control.[@b20-dhps-6-155] In this study, only FBG was used to monitor and assess glycemic control. HbA~1c~ testing was not used to monitor or assess glycemic control in any of the patients in the visited health facilities, probably due to the high cost of these tests in the public hospitals.

In this study, the mean age of the T2DM patients was about 55 years, with the majority of them in the age group of 40--59 years. This age group had a higher proportion of patients with poor glycemic control when compared with those in the age group of \<40 years and ≥60 years. A study conducted in Myanmar by Nyunt et al[@b21-dhps-6-155] reported that age ≥60 years was associated with poor glycemic control. Other studies have shown that young age is associated with poor glycemic control.[@b22-dhps-6-155],[@b23-dhps-6-155] The observed variation of association between age and poor glycemic control could be explained by the differences in population characteristics and distribution of age in different studies.

Education of patients, marital status, and employment were not associated with glycemic control in this study. These findings are similar to those reported by other researchers who also did not find an association between glycemic control and low socioeconomic status.[@b24-dhps-6-155],[@b25-dhps-6-155] Although we did not find a direct association between FBG and factors such as education, employment, and other sociodemographic characteristics, such variables are likely to affect patients' access to quality health care and could therefore have an indirect impact on glycemic control. For instance, educated individuals may have better understanding of, and access to, the type of integrated and comprehensive medical care than those who are less educated and most likely with lesser income to afford medications and the recommended diet for glycemic control.

On the other hand, patients with no health insurance were significantly more likely to have poor glycemic control as compared with patients with health insurance. In this study, only 21.5% of the patients had insurance for health care. Lack of health insurance affects accessibility and affordability of medicines and diagnostic services in T2DM patients. As a result, lack of health insurance has been linked to low utilization of diabetic preventive services. Interestingly, the study conducted by Harris et al[@b26-dhps-6-155] did not show an association between health insurance coverage and glycemic control among patients. The observed differences could probably be explained by differences in population characteristics, resource utilizations, human resources, and other support facilities in different settings.

Women in this study were more likely to have poor glycemic control as compared with males. Studies have shown that women have more adverse effects on lipid profile than men,[@b27-dhps-6-155],[@b28-dhps-6-155] an indication that estrogen-related protective mechanisms may also be affected by diabetes.[@b29-dhps-6-155] The decrease in protective effect of estrogen on body fat distribution and insulin action may also be caused by low-grade inflammation, which may have a greater role in disturbing insulin action in women, or inflammatory factors may interact with female sex hormones.[@b30-dhps-6-155] Although this study did not show significant differences between males and females in terms of their glycemic control, when patients were stratified by age group and sex we found that females in the age group of 40--59 years had significantly higher percentages of poor glycemic control than their male counterparts. This could be due to the fact that in premenopausal women diabetes causes impairment of endothelial function beyond that caused by obesity alone.[@b29-dhps-6-155] The observation that women aged 40--59 years had a higher prevalence of obesity than their male counterparts could probably explain why most women in this age group had poor glycemic control compared with males.

The proportion of patients with poor glycemic control was found to increase with increase in disease duration. A study conducted by Juarez et al[@b24-dhps-6-155] also showed that patients who had had diabetes for \>10 years were more than nine times more likely to have poor glycemic control than those who had had diabetes for 3 years. Longer duration of diabetes is known to be associated with poor glycemic control, possibly because of progressive impairment of insulin secretion with time because of the failure of β-cells, increased insulin resistance to control blood sugar, and eventually decrease in insulin secretion.

In this study, BMI was associated with poor glycemic control. A higher proportion of patients with poor glycemic control was observed in patients with normal BMI, followed by obese and overweight patients. In multivariate analysis, this association between BMI and poor glycemic control remained statistically significant, indicating that patients with normal BMI were more likely to have poor glycemic control than overweight patients. This can probably be explained by the fact that patients with poor glycemic control had lost weight due to disease process, while improved glycemic control is associated with weight gain. In addition, obese patients were more likely to have poor glycemic control when compared with overweight patients. This may be due to aggravation of insulin resistance due to increased fat mass and visceral adiposity, which affect insulin sensitivity and cause insulin resistance.

Hypertension and coronary heart diseases were the most frequent comorbidities among T2DM patients in this study. These findings are consistent with the established theory of metabolic syndrome, which is strongly associated with CVD in T2DM. Similar to other studies, no significant differences were found between hypertension and number of comorbidities in patients with poor glycemic control.[@b25-dhps-6-155] The lack of association between hypertension and glycemic control could be explained by the adverse effect of weight gain with improved glycemic control observed in overweight patients, which may worsen other physiological parameters such as hypertension and hypercholesterolemia.

In this study, the majority of T2DM patients were using OHAs, while only 2.1% of the patients were using a combination of OHA and insulin. A high proportion of patients with poor glycemic control were observed in a group of patients who were using a combination of OHA and insulin. Patients with poor glycemic control require more aggressive treatment with insulin or a combination of OHA and insulin. Patients who are using OHA alone have good glycemic control when compared with those treated with insulin alone or in combination with OHA.[@b31-dhps-6-155] Lack of an association between the type of treatment and glycemic control in our study could be due to the fact that only a small proportion (14.5%) of patients were using insulin. Since better glycemic control is achieved through the use of insulin in combination with OHA, it is most likely that the limited use of insulin in this study may have contributed to poor glycemic control among patients. Moreover, the observation that patients who were using a combination therapy of OHA were more than 2.5 times more likely to have poor glycemic control when compared with patients on monotherapy is likely due to the fact that these patients already had an advanced form of diabetes.[@b22-dhps-6-155] This may suggest worsening of diabetes over time and the need for additional medication among patients. Therefore, combination therapy of OHA associated with a higher level of FBG most likely represents a marker of the severity of diabetes rather than the effect of medications.[@b19-dhps-6-155],[@b20-dhps-6-155]

Current guidelines recommend that patients with T2DM should perform at least 150 minutes per week of moderate to intense aerobic exercise, while resistance exercise should be performed at least three times a week.[@b32-dhps-6-155],[@b33-dhps-6-155] In this study, only a small percentage of patients with T2DM were doing regular physical activity and specific exercise. However, there were no statistically significant differences between patients who did not perform regular physical activity in terms of glycemic control and those who were participating in regular physical exercise. The lack of association between physical exercise and glycemic control in this study is in contrast with the findings by Empierre et al,[@b32-dhps-6-155] probably due to the small number of patients who were performing regular physical activity in this study.

Adherence to antidiabetic medications is crucial to reach metabolic control, since nonadherence is associated with increased levels of HbA~1c~ as well as other negative outcomes such as increased LDL levels, frequent hospitalizations, and mortality.[@b34-dhps-6-155],[@b35-dhps-6-155] The current study has shown that 38% of the patients had low adherence to prescribed antidiabetic medications and only 17.4% of patients could be regarded as adherent to prescribed medications. Patients with poor adherence to prescribed antidiabetic medications had significantly high prevalence of poor glycemic control when compared with those with high and medium medication adherence. Moreover, medication adherence was not associated with complexity of treatment regimen, type of treatment, and duration of diseases. These results are in line with a systematic review of compliance on diabetic treatment that concluded that many T2DM patients comply poorly with treatment, but this is not related to complexity of treatment regimen and severity of the disease.[@b36-dhps-6-155]

The high cost of medications was reported by the majority of the patients as the most important reason for nonadherence. The effect of nonadherence to medication due to cost may also be contributed to by the fact that most of the patients in our study had no insurance for health care. Other reasons for nonadherence to medications were forgetfulness, travel, use of alternative medicines, and a sense of feeling well due to decreased diabetic symptoms. These reasons have also been reported in other studies,[@b37-dhps-6-155],[@b38-dhps-6-155] an indication that more health education is needed to enhance medication adherence and better glycemic control among T2DM patients.

Conclusion
==========

Overall, the findings from the current study indicate that glycemic control in T2DM patients in the public hospitals in Dar es Salaam is generally poor. Independent variables associated with poor glycemic control were lack of insurance for health care, taking more than one OHA, normal BMI, obesity, and low adherence to antidiabetic medications. In order to improve metabolic control, it is recommended that all patients with diabetes should be screened for lipid profile, since high cholesterol, TG, and LDL levels are associated with increased risk of cardiovascular events, and accumulation of cholesterol may contribute to ß-cell dysfunction. An education program that emphasizes the importance of medication adherence, physical exercise, and weight management would be of benefit in improving glycemic control among patients.
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###### 

Sociodemographic characteristics of type 2 diabetes mellitus patients who were recruited in the study (n=469)

  Characteristics        Number   Percentage
  ---------------------- -------- ------------
  Age (years)                     
   18--39                50       10.7
   40--59                241      51.3
   ≥60                   178      38
  Sex                             
   Male                  171      36.5
   Female                298      63.5
  Education level                 
   No formal education   139      29.6
   Primary school        241      51.4
   Secondary school      76       16.2
   Tertiary school       13       2.8
  Marital status                  
   Married               331      70.6
   Single                20       4.3
   Widow/widower         91       19.4
   Divorced              27       5.8
  Employment status               
   Employed              59       12.6
   Not employed          328      69.9
   Self-employed         82       17.5
  Health insurance                
   Insured               101      21.5
   Not insured           368      78.8

###### 

Association between clinical characteristics of type 2 diabetes mellitus patients and glycemic control (n=469)

  Variable                         Number   Poor glycemic control (%)   *P*-value
  -------------------------------- -------- --------------------------- -----------
  Age at diagnosis (years)                                              
   18--39                          116      81 (69.8)                   
   40--59                          266      192 (72.2)                  0.204
   ≥60                             87       54 (61.20)                  
  Duration of disease (years)                                           
   1--9                            330      219 (66.4)                  
   10--19                          110      83 (75.5)                   0.027
   ≥20                             29       25 (86.2)                   
  Blood pressure (mmHg)                                                 
   Systolic blood pressure ≤140    230      163 (70.9)                  0.596
   Systolic blood pressure \>140   239      164 (68.6)                  
   Diastolic blood pressure ≤90    274      193 (70.4)                  0.689
   diastolic blood pressure \>90   195      134 (68.7)                  
  Body mass index (kg/m^2^)                                             
   \<25                            189      145 (76.7)                  
   25--29.99                       151      93 (61.6)                   0.01
   ≥30                             125      87 (69.6)                   

###### 

Comorbidities and types of antidiabetic drugs prescribed to type 2 diabetes mellitus patients

  Characteristics                               Number   \%
  --------------------------------------------- -------- ------
  Comorbidities (n=469)                                  
   Hypertension                                 238      50.7
   Osteoarthritis                               56       11.9
   Coronary heart disease                       63       13.4
   Chronic heart failure                        17       3.6
   Peptic ulcers                                40       8.5
   Skin infection                               19       4.1
   Others                                       44       9.4
  Antidiabetics (n=469)                                  
   OHA alone                                    391      83.4
   Insulin alone                                68       14.5
   OHA and insulin                              10       2.1
   OHA (n=391)                                           
   Combination therapy                          249      63.7
   Monotherapy                                  142      36.3
  OHA combination therapy (n=249)                        
   Metformin and sulfonylureas                  237      95.2
   Metformin and pioglitazone                   6        2.4
   Sulfonylureas and pioglitazone               1        0.4
   Metformin, sulfonylureas, and pioglitazone   5        2.0
  OHA monotherapy (n=142)                                
   Metformin                                    92       64.8
   Sulfonylureas                                44       31.0
   Pioglitazone                                 6        4.2

**Abbreviation:** OHA, oral hypoglycemic agent.

###### 

Association between self-management behavior and glycemic control among type 2 diabetes mellitus patients (n=469)

  Variable                                                         Number   Poor glycemic control   *P*-value
  ---------------------------------------------------------------- -------- ----------------------- -----------
  General diet (n=385)[a](#tfn2-dhps-6-155){ref-type="table-fn"}                                    
   ≥3 days                                                         265      182 (68.7)              0.795
   \<3 days                                                        120      84 (70.0)               
  Average serving per day                                                                           
   \<3                                                             60                               
   3 servings                                                      297                              
   \>3                                                             96                               
  ≥5 servings of fruit and vegetables                                                               
   ≥3 days                                                         90       62 (68.9)               0.848
   \<3 days                                                        379      265 (69.9)              
  High-fat foods                                                                                    
   ≥3 days                                                         80       65 (68.8)               0.835
   \<3 days                                                        389      272 (69.9)              
  Physical activity                                                                                 
   ≥3 days                                                         108      79 (73.1)               0.377
   \<3 days                                                        361      248 (68.7)              
  Specific exercise session                                                                         
   ≥3 days                                                         155      105 (67.7)              0.525
   \<3 days                                                        314      248 (70.7)              
  Self-monitoring of blood glucose                                                                  
   ≥5 days                                                         16       13 (81.2)               0.425
   \<5 days                                                        99       71 (71.9)               
  Medication adherence                                                                              
   Low adherence                                                   178      144 (80.9)              
   Moderate adherence                                              209      129 (61.7)              0.000
   Good adherence                                                  82       54 (65.9)               

**Note:**

84 patients did not respond on a general diet.
